We designed a field survey (the entire river length; not dammed: First and Second plateaus; dammed: Third Plateau) to test the hypothesis that the cascade of reservoirs promoted a reduction in species richness and changed the composition of Oligochaeta assemblage along the Iguaçu River. Changes in environmental variables and in richness and composition of Oligochaeta were summarized by Canonic Correspondence Analysis. Along the Iguaçu River, conductivity, and altitude decreased, whereas temperature increased. Oligochaeta composition showed a significant spatial variation, with higher abundances of the family Tubificidae and the genus Dero (Naididae) occurring in the First Plateau. In the Second and Third plateaus, few species were dominant, with increases in the presence of species of Naididae below dams. We found a clear decrease in species richness along the Iguaçu River. Moreover, we found that Oligochaeta assemblage was influenced by some environmental variables such as altitude, conductivity, substrate type and temperature, and by anthropogenic activities (human occupation and damming). The results supported the use of Oligochaeta as surrogate taxa to predict environmental changes along impacted (dammed and eutrophic) rivers. The validity of this was indicated by the strong and significant gradient registered, from the headwater to mouth of the Iguaçu River.
Introduction
Identifying the distribution patterns of species is an important step in determining what processes control the structure of riverine communities (Brosse et al., 2003) . Species respond distinctively along environmental gradients at various spatial scales (Cottenie 2005; Heino et al., 2007) , and invertebrate communities in lotic systems may be structured along resource gradients from the headwaters to the mouths (Vannote et al., 1980) . This gradient may be disrupted by the construction of dams, especially downstream, as predicted by the serial discontinuity concept (Ward and Stanford, 1983) .
The regulation of river flow produces many negative impacts, because it modifies intensity, duration and seasonality of floods, reduces loads of nutrients in seasonally flooded areas and creates unstable thermal and hydrodynamic conditions in segments immediately below dams (Petts, 1984; Ward and Stanford, 1995) . Moreover, it causes loss of habitats and diversity due to geomorphologic adjustment of the river system toward a new equilibrium condition (Petts and Greenwood, 1985) . These impacts are increased when dams are built in series (Barbosa et al., 1999; Callisto et al. 2005) .
Cascades of reservoirs results in the formation of a complex pattern of interactions that can be perceived along the longitudinal axis of impacted rivers, resulting in physical, chemical and biological alterations. In a cascade of reservoirs, both alterations in water quality and in composition and distribution of biota are results of modifications in lateral, vertical and longitudinal dimensions, as described in the Cascading Reservoir Continuity Concept (Barbosa et al., 1999) .
Benthic macroinvertebrates are one of the groups affected by the cascade of reservoirs (Callisto et al., 2005; Jorcin and Nogueira, 2008) . The flow regulation and stratification patterns developed in reservoirs frequently impact the biota downstream in four ways (Cortes et al. 2002) : i) alteration of physical and chemical characteristics associated with the release of water and sediment derived from the hypolimnion, that affect life history and density of macroinvertebrates (Cortes et al. 2002) ; ii) alteration of available food resources to aquatic biota, specially through changes in the particulate organic matter (McAllister et al. 2001) ; iii) creation of unstable environment due to daily changes in water level, increasing invertebrate drift (Hansen and Closs 2007) ; and iv) reduction of water released downstream, which modify abundance and diversity of benthic fauna (Bunn and Arthington, 2002) . These effects have been demonstrated in several regulated rivers, where alterations in discharge have caused changes in the structure of the aquatic community (Pardo et al., 1998; Rosin et al., 2009) .
Within the aquatic assemblages, Oligochaeta is one of the groups strongly affected by dams (Suriani et al., 2007) . Oligochaeta species richness is directly related to food availability (Collado and Schmelz, 2001 ) and quality (Pasteris et al., 1994; Collado and Schmelz, 2001) , substrate type (Verdonschot, 2001; Bletter et al., 2008) , oxygen availability (Collado et al., 1999; Nijboer et al., 2004) , and biological interactions (Darrigran et al., 1998) . In addition, this group presents a low dispersion, and most of them are considered indicators of specific habitats (Verdonschot, 2001) , of hydro-morphological character (Verdonschot, 2001) , and of trophic state (Suriani et al., 2007) . Based on these characteristics, we used Oligochaeta as surrogate taxa to identify environmental changes in aquatic ecosystems altered by dams, such as the Iguaçu River, which has five large dams in its 1,000 km course. In general, reservoirs negatively impact species richness of macroinvertebrates, including Oligochaeta (Suriani et al., 2007) . Thus, we designed a field survey (the entire river length) to test the hypothesis that the cascade of reservoirs promoted reduction in species richness and changed the composition of Oligochaeta assemblage along the Iguaçu River.
Material and Methods

Study area
The Iguaçu River basin has a drainage area of 70,800 km 2 , and cuts the Paraná State from east to west, travelling more than 1,000 km, from its headwater to its mouth. The Iguaçu River runs along the three Paranaenses plateaus, with a difference in altitude over 900 m (Maack, 2002) (Figure 1 ). Lower Precambrian rocks cover the First Plateau; Paleozoic sedimentary rocks cover the Second Plateau; and Mesozoic volcanic rocks cover the Third Plateau (Merenda, 2004) .
Along the longitudinal axis of the Iguaçu River, human occupation also changes along the Iguaçu River. The First Plateau is located in the Metropolitan area of Curitiba (2.5 million inhabitants). There are several industries in this area, including mining. In this stretch, the Iguaçu River receives raw sewage inputs from sanitary sewers as well as from households along the tributaries (Sodré and Grassi, 2006) . In the Second and Third plateaus, the main economic activities are agriculture and timber (Julio Junior et al., 1997) .
Due to the high slope of the Iguaçu River, a series of five large dams (Foz do Areia -13.850 ha, Segredo -8.250 ha, Salto Santiago -21.360 ha, Salto Osório -5.990 ha and Salto Caxias -14.090 ha) was constructed with the primary purpose to produce electricity. However, the portions of the river that run on the First and Second plateaus are still not dammed and are located above the first reservoir of the cascade.
Sampling
Along the Iguaçu River, 480 bottom samples were collected (360 for biological analysis and 120 for granulometric analysis). stations (all in the right margin; left margin belongs to Argentina) were established. At each station, two sites were selected (right and left margins), and at each site four samples were taken (three for biological analysis and one to determine texture and organic matter content) using a Petersen grab (0.0345 m 2 ). Every sample was stored in a gallon, fixed with 4% formaldehyde and later washed in 2.0, 1.0 and 0.2 mm sequential sieves. The sediment retained in the last sieve was fixed in 70% alcohol. Oligochaeta species were identified according to the key of Brinkhurst and Marchese (1991) using an optic-microscope.
Environmental variables
We 
Data analysis
For analysis and following the purposes of the paper, sampling stations were converted to distance from the headwater of the Iguaçu River used in the sampling design, but controlling the position of the sites along the cascade of reservoirs ("not dammed": First and Second plateaus; dammed Third Plateau). Thus, with this categorization, we could better evaluate the effects of the dams on the Oligochaeta assemblage.
Longitudinal variations in species richness
Species richness (number of species) was determined for every sample. One-way ANOVA (Random factor: distance from the river headwater) was used to determine differences between the averages of species richness. Oligochaeta richness in the sampled stretches was additionally compared with rarefaction curves to eliminate the effect of abundance (Gotelli and Colwell, 2001 ).
Gradient in the Oligochaeta assemblage and relationships with environmental variables
The Canonical Correspondence Analysis (CCA) was used to determine possible longitudinal gradients and to select environmental variables that most influenced the composition of Oligochaeta assemblage along the Iguaçu River. We opted for this analysis due to the biology of the studied group, whose species does not move intensely along the bottom, promptly responding to environmental variables. To avoid multicollinearity in CCA, we calculated pairwise correlations among environmental variables. When value of the correlation was higher than 0.7 (r > 0.7), we removed a certain variable and repeated the correlation analysis to check if it still had correlation among variables. Pebbles (%), total phosphorous, turbidity and total suspended material were significant, but greatly redundant with other environmental variables and were excluded from the analysis. Species abundances were log (x + 1) transformed and rare species were down-weighted because they have a relatively large influence in the results of ordinations and are also more likely than common species to be inadequately sampled.
To test the significance of the between-group differences summarized by CCA scores, we used a multi-response permutation procedure (MRPP), which is a nonparametric method for testing multivariate differences among predefined groups (in our case, distance from headwater; km). This analysis was performed using a resemblance matrix based on the Bray-Curtis coefficient.
To better interpret the ordination resulted from the CCA, we applied the method of the Indicator Value (IndVal) (Dufrene and Legendre, 1997) . This analysis helped us to determine the species that most discriminated each sampled stretch (in the case, distance from the headwater) and these results were compared with the CCA ordination, overlaid by the species used in the analysis. Analyses were based on raw abundance data.
CCA, MRPP and IndVal were computed using the software PC-Ord ® 5.0. Rarefation curves were performed using the program PRIMER-E 6 + PERMANOVA. Analysis of variance (ANOVA) was performed using the software Statistica 7.0 TM .
Results
Oligochaeta survey
A total of 12,780 individuals of Oligochaeta were recorded during the study, belonging to at least 25 species. The families registered were Enchytraeidae (species not identified), Opistocystidae (one species), Alluroididae (one species), Tubificidae (five species), and Naididae (18 species).
Longitudinal variations in species richness
Species richness differed significantly between stretches (distance from the headwater) of the Iguaçu River (ANOVA; F = 30.09; p < 0.01) (Figure 2a of species richness was registered in the upper stretch (Balsa Nova; 86 km from the river headwater; First Plateau, not dammed). Higher mean values were also registered from km 231 to 430 (Second Plateau; not dammed). However, when the distance from the headwater presented reservoirs (534 km and higher), the mean species richness were lower, especially near the Paraná River (1166 km) (Figure 2a ). The rarefaction curves showed similar trend when compared to the mean value of species richness, with only change in position of the sampling stations. Then, to this method, species richness was greater in União da Vitória (UV430), followed by Cruzeiro do Iguaçu (CI846) and Balsa Nova (BS86) (Figure 2b) , which are the ones with higher mean species richness (Figure 2a ).
Longitudinal gradient in the Oligochaeta assemblage and relationships with environmental variables
Canonical Correspondence Analysis (CCA) determined the spatial gradients and identified the influence of the selected environmental variables in the composition of Oligochaeta assemblage (Monte Carlo test -species-environment correlations; p < 0.01) (Figure 3 ). Two axes were retained for interpretation (cumulative variance = 27%). Scores for axis 1 (19.9% of the variance, eigenvalue = 0. Table 2 ). In the stretches far from the headwater (West; dammed stretches; Third Plateau), the values of these environmental variables gradually decreased, but the temperature increased. The highest abundances of Naididae species were recorded in these stretches. The geological and climatic gradient, along with the population contingent in the First Plateau and the reservoir cascade in the Third Plateau, appeared to be the main factors that determined the distribution of Oligochaeta in the Iguaçu River. Scores for axis 2 (7.1% variance, eigenvalue = 0.11) separated, to a lesser extent, upper stretches (First and Second plateaus; not dammed) from the lower stretches (Third Plateau; dammed), far from the river headwater. These gradients, identified in the CCA, were confirmed by the Multi-Response Permutation Procedure (MRPP; A = 0.14; p < 0.05).
The stretches of the Iguaçu River were characterized by 21 species (significant INDVAL; p < 0.05) ( Table 2) that presented preference for some locations. Fifteen species were characteristic of the stretches closer to the headwater of the river (First and Second plateaus; not dammed stretches), and six species were characteristic of the stretches located in the cascade of reservoirs (Third Plateau, dammed stretches). The large number of species with significant indicator values in the upper stretches and the significant MRPP (A = 0.14; p < 0.05), indicated that there were significant differences in the composition of Oligochaeta assemblage along the stretches. Most important variables explaining these differences were altitude, conductivity and type of substrate (mud and sand).
Discussion
The number of Oligochaeta species registered along the Iguaçu River was greater than the number found in other rivers of the upper Paraná River basin -Baía (22) and Ivinhema (22) rivers (Behrend et al., 2009), Ivaí (20) and Piquiri (12) rivers (Fernandes et al. in prep.) and the upper Paraguay River (22) (Marchese et al., 2005) . The richness of Oligochaeta species recorded in this river is related to the environmental heterogeneity (several falls, rapids, pools and backwaters), since it cuts the three Paranaense plateaus formed by rocks from different geological times, besides altitude and anthropogenic activities, which were the main variables explaining the patterns found. Thus, the geomorphology of the Iguaçu River basin could have created different micro-habitats in the bottom (muddy, sandy or rocky), and human pollution may have increased the input of food resources, leading to optimal conditions for Oligochaeta. The increase of invertebrates at a local scale (in rivers) is directly proportional to the diversity of conditions of a given locality (Vinson and Hawkins, 1998) .
There is a tendency to consider that species richness of macroinvertebrates increases with the basin area or with the length of the river, because downstream areas can act as wells for individuals brought from the headwater area upstream (Jacobsen et al., 1997) . However, we did not verify this, because the First Plateau (near the headwater; not dammed), presented the highest species richness, probably due to the sewage (input of nutrients) from large cities. These inputs may have favored Oligochaeta in the First Plateau because these organisms are commonly related to environments with low water quality (Diaconu and Risnoveanu, 1993) . Nevertheless, the historic importance of this Plateau should also be considered, because it is the oldest and many species may have been settled there for some time. Thienemann (1954) emphasized that the longer a locality has been in the same situation, the richer and the more stable is its community, supporting our findings.
The lowest species richness was registered in stretches in the Third Plateau, located along the cascade of reservoirs. The rapid numerical increase of dams has caused widespread loss of freshwater habitats, especially waterfalls, riparian floodplains and wetlands. Therefore, the construction of dams can cause profound negative effects on aquatic biodiversity because the natural seasonal patterns to which the fauna has adaptations is altered, and normal seasonal migration paths (drifts) are blocked (Rosenberg et al. 2000) . Callisto et al. (2005) observed that reservoirs in cascades cause significant changes in the original continuum of a river, altering the thermal heterogeneity, the connectivity, the fine and the coarse particulate organic matter rates. These changes can lead to significance effects on the communities of invertebrates, causing loss of aquatic diversity. These factors, associated with aggregate distribution and the low mobility of Oligochaeta species appears to be the reasons why stretches in the Third Plateau recorded the lowest values of species richness.
Recent studies have shown, for example, that species richness is not only controlled by local factors but also by regional-scale processes such as dispersal and historical events (Shurin et al., 2000; Heino et al., 2003) . Dispersal is a major regional process that may constrain local communities (Bohonak and Jenkins, 2003) . Therefore, species with low dispersal tend to be different along great gradients (Palmer et al., 1996) . Groups with low dispersal ability, such as Oligochaeta, are generally influenced by the composition of neighboring sites. Local colonization of this group is related to its ability to reproduce asexually (Smith, 1986) , and producing cocoons buried in sediment (Lazim et al., 1989 ) that can tolerate adversity imposed by catastrophic events (for example, flood and drought). Thus, dispersal may act as a structuring force, leading to a constant flow of propagules; then closely connected sites harbor more similar assemblages than sites further apart (Cottenie et al., 2003) . These aspects also support our findings, once assemblages of the First, Second, and Third Plateaus were similar within a plateau, rather than between plateaus. In addition, dispersion may be disrupted in the portion of the Iguaçu river, where the cascade of reservoirs are located, leading to decreased species richness in the lower stretches of the river.
The presence and abundance of organisms at a site depends on action of environmental filters, including both historical and ecological constraints ranging from landscape to micro-habitat scales (Poff 1997; Bonada et al. 2005) . Many studies have sought to identify the patterns of macroinvertebrate distribution in both large geographical areas (Heino et al. 2002) and small ones (Adámek et al. 2010) , showing a strong relationship between aquatic biota and environmental variables (Bonada et al. 2005) . To understand these influences on the composition of Oligochaeta assemblages in the Iguaçu River, we performed a canonical correspondence analysis (CCA). Most important variables were altitude and some environmental factors (conductivity, substrate type and temperature). Although the distribution of Oligochaeta is affected by a number of variables interacting mutually, this group is directly related to substrate type (Verdonschot, 2001; Bletter et al., 2008) and hydromorphological characteristics (Takeda et al., 2001; Bletter et al., 2008) . The ability of Oligochaeta to grow and develop in lotic environments is a result of a series of complex interactions between hydrology, water quality and biotic factors (Verdonschot, 2001) .
Most physical and chemical factors are defined by geology, geomorphology and climate, but aquatic ecosystems can also be affected by human activities. The river regulation resulting from a cascade of reservoirs can cause intense physical, chemical and biological changes (Barbosa et al., 1999; Nogueira et al., 2002) . In this study, higher values of conductivity and related variables, such as nutrients and suspended material, were recorded in the stretch near the headwater (First Plateau; not dammed). Lower values were recorded in the Third Plateau (far from the river headwater; in the First reservoir of the cascade). This can be explained by the Cascading Reservoir Continuum Concept (Barbosa et al., 1999) , which supports that in rivers with reservoirs in series, these variables are higher in upper stretches ("inverted gradient"), counteracting the River Continuum Concept (Vannote et al., 1980) in which the highest concentrations of nutrients and organic matter are in lower stretches. Schenková and Helesic (2006) observed that the composition of Oligochaeta assemblage reflects the condition and change of human activity, and this was verified in this study by the outstanding changes in assemblage along the Iguaçu River, from its stretch with low water quality in the First Plateau to the reservoir cascade in the Third Plateau.
The change in composition of Oligochaeta assemblage along the Iguaçu River was characterized by the high abundance of taxa tolerant to low water quality in the First Plateau, such as L. hoffmeisteri, B.sowerbyi, B. americanum, D. (D.) digitata, D. (D.) multibranchiata and D. (A.) costatus, which feeds on particulate organic matter. Some aquatic Oligochaeta species are abundant in organically polluted water because of a lack of competition for food and space, which is also linked to tolerance to reduced oxygen conditions (Brinkhurst et al., 1983) . Species of Tubificidae (Brinkhurst and Gelder, 1991) and species of Dero (Martin, 1996) are good indicators of environmental conditions related to organic pollution and low levels of oxygen concentration of lakes and rivers. These species were abundant in the First Plateau, decreasing their abundances along the Iguaçu River, especially in stretches below dams. Dumnicka (1996) observed that the first Oligochaeta to be eliminated below reservoirs were Tubificidae, probably because water from reservoirs present high erosive capacity, removing fine particulate organic and inorganic matter, leading to a reduction in suitable habitats for this group.
In the Second and Third Plateaus, few species were dominant, with an increase in the occurrence of Naididae below dams. According to Dumnicka (1987) , Naididae comprises a considerable part of the bottom fauna below reservoirs. This is related to: i) the high primary productivity of phytoplankton recorded in the Iguaçu river (below dams), due to advection from reservoirs (Train et al. 2005) , because this family is known to feed mainly on these organisms (Brinkhurst and Gelder, 1991) ; and ii) their plasticity, allowing them to cope with the disturbances caused by dams (Voshell and Simons, 1984) , because species of this family usually possess high reproductive rates and develop quickly (Soster and McCall 1990) .
The results of this study demonstrate a clear decrease in species richness along the Iguaçu River, chiefly due to the reduction of Tubificidae. In addition, it shows that the Iguaçu River is a complex river in which the Oligochaeta assemblage is related to environmental characteristics, but it was difficult to distinguish clearly between the effects of natural factors and anthropogenic disturbances. However, it was clear that the species richness and composition of the Oligochaeta assemblage of the Iguaçu River is explained by a strong environmental gradient. It is primarily influenced by altitude, and by some environmental variables such as conductivity, substrate type and temperature, exacerbated by anthropogenic activities (human occupation and damming). Usually, monitoring programs of freshwater ecosystems have used surrogate taxonomic groups, assuming that the results can be extrapolated to other unstudied groups. Our findings supported the use of Oligochaeta as surrogate taxa to predict environmental change along impacted (dammed and eutrophic) rivers. The validity of this was indicated by the strong and significant gradient registered, from the headwater to the mouth of the Iguaçu River.
